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What is claimed is: 



1. 



peptide nucleic acid having formula: 




wherein: 

each L is, indepenl^ently, a naturally-occurring nucleobase or a non-naturally- 
occurring nucleobase; 

each is hydrogen ok the side chain of a naturally-occurring or non-naturally- 
occurring amino acid, at least on\R^ being the side chain of a naturally-occurring or non- 
naturally-occurring amino acid; 

R*^ is OH, NH2, or NHLysNH. 

each of R' and R is, independently, a lipophilic group or an amino acid labeled with 
a fluorescent group; or R' and R\ togetnf r, are a lipophilic group; and 

n is an integer from I to 30. 

2. The peptide nucleic acid of \laim 1 wherein at least one of said R^ is the side 
chain of a naturally-occurring amino acid. 

3. The peptide nucleic acid of clJjim 2 wherein at least one R^ is the side chain 
of D-lysine. 

4. The peptide nucleic acid of claii\l wherein R' is D-lysine labeled with a 
fluorescent group and R^ is an adamantoyl group. 



5. The peptide nucleic acid of claim \ wherein said fluorescent group is 
fluorescein. 
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6. Tl^ peptide nucleic acid of claim 1 wherein R" and R\ together, are an 
adamantoyl group. 

7. The pepude nucleic acid of claim 1 wherein is the side chain of an amino 
acid and the carbon atomic which the side chain is attached is stereochemically enriched, 

8. A composibon comprising a peptide nucleic acid incorporated into a 
liposome, said peptide nucleid acid having formula: 





wherein: 

each L is, independently, a ilgturally-occurring nucleobase or a non-naturally- 
occurring nucleobase; 

each R' is hydrogen or the side\chain of a naturally-occurring or non-natural ly- 
occunring amino acid; 

R' is OH, NH3, or NHLysNH,^ 

each of R' and R* is, independently, a lipophilic group or an amino acid labeled with 
a fluorescent group; or R' and R^ together, are a\lipophilic group; and 
n is an integer from 1 to 30. 

9. The composition of claim 8 wherejjn at least one of said R^ is the side chain 
of a naturally-occurring amino acid. 

10. The composition of claim 9 wherein Wd amino acid is D-lysine. 



1 1 . The composition of claim 8 wherein R' i\ D-lysine labeled with a fluorescent 
group and R^ is an adamantoyl group. 
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12, The compositioriV>f claim 1 1 wherein said fluorescent group is fluorescein. 



13. The composition of\laim 8 wherein R' and R\ together, are an adamantoyl 

group. 

1 4. The composition of claims wherein is the side chain of an amino acid and 
the carbon atom to which the side chain isVttached is stereochemically enriched. 

6!^^ y 1 5 . A method of modul^ing cellular uptake and distribution of a peptide nucleic 
-J^id^mprising the steps of: 

(a) derivatizing a backbon^^sition of said peptide nucleic acid; and 

(b) conjugating the derivatizea\peptide nucleic acid of step (a) with a 
lipophilic group. 

16. The method of claim 15 wherein said derivatizing comprises attaching the 
side chain of at least one naturafly-occurring or non-naturally-occurring amino acid to the 
backbone of said peptide nucleic aciH. 

17. The method of claim 16lwh^^in said derivatizing comprises attaching the 
side chain of a naturally-occurring amino acjosK) the backbone of said peptide nucleic acid. 

1 8. The method of claim 17 wherein saiiS^amino acid is D-lysine. 

1 9. The method of claim 1 5 whgreiinsmdTipophilic group is an adamantyl group. 





20. The method of claim 1 5 ftpt^jj^r comprising introducing the peptide nucleic 
acid of step (b) into liposomes. 




»^ 21. 



.^^^^ ^21. A method of modulating ceHular uptake and distribution of a peptide nucleic 
acyf :omprising the steps of: \ 

(a) conjugating said peptide nucleic acid with a lipophilic group; and 

(b) introducing the conjugated peptidenucleic acid of step (a) into liposomes. 
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22. The method of claim 21 whe^irt^id lipophilic group is an adamantyl group. 





23 . A ph^aceutical composition comprising the peptide nucleic acid according 
to claim 1 and at least 6ne pharmaceutically acceptable carrier, binder, thickener, diluent, 
buffer, preservative or surface active agent. 

24. A phamiaceutic&l composition comprising the composition of claim 8 and at 
least one pharmaceutically accep^le carrier, binder, thickener, diluent, buffer, preservative 
or surface active agent. 

25 . A method of modulatinkcellular uptake and distribution of a peptide nucleic 
acid in a cell or tissue comprising administering to the cell or tissue a peptide nucleic acid 
having formula: 




wherein: 

each L is, independently, a naturally-occurring nucleobase or a non-naturally- 
occurring nucleobase; 

each R"^ is hydrogen or the side chain of a naturally-occurring or non-naturally- 
occurring amino acid, at least one being the side chaii^ of a naturally-occurring or non- 
naturally-occurring amino acid; 

R*^ is OH, NH2, or NHLysNHv 

each of R' and R is, independently, a lipophilic group\or an amino acid labeled with 
a fluorescent group; or R' and R, together, are a lipophilic group; and 

n is an integer from 1 to 30. 



26. The method of claim 25 wherein at least one of said R^ is the side chain of 



it 

PCT/US98/10804 



- 52 - 



a naturally-occurring amino acid. 



27. The method of claim 26 wherein said amino acid is D-lysine. 



28. The method of claim of claim 25 wjia-ein R' is D-lysine labeled with a 
fluorescent group and is an adamantoyl 



29 . The method of claim 28 



group. 




id fluorescent group is fluorescein. 



30. The method of clzdm 25 wherein R* and R\ together, are an adamantoyl 



31 . The method of claim 25 wherein R^ is the side chain of an amino acid and 
the carbon atom to which the side chain is attached is stereochemically enriched. 



32. A method modulating cellular uptake and distribution of a peptide nucleic 
acid in a cell or tissue comprising administering to the cell or tissue a composition comprising 
a peptide nucleic acid incorporated into a liposome, said peptide nucleic acid having fonnula: 




\ 



wherein: 

each L is, independently, a naturally-occurring nucleobase or a non-naturally- 
occurring nucleobase; 

each R^ is hydrogen or the side chain of a naturally-occurring or non-naturally- 
occurring amino acid; 

R** is OH, NH,, or NHLysNH.. 

each of R and R is, independently, a lipophilic\^oup or an amino acid labeled with 
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jiorescent group; or R* an^sR^ together, are a lipophilic group; and 
n is an integer from 1 toOO. 

33. The method of claim 32 wherein at least one of said is the side chain of 



a naturally-occurring amino acid. 



34. The method of claim 33 wherein said amino acid is D-lysine. 

35. The method of claim 32 wherein R' is D^^^ine labeled with a fluorescent 
group and R^ is an adamantoyl group. y< 

36. The method of claim 35 wWm^enn said fluorescent group is fluorescein. 

37. The method of^erlaim 32 wherein R' and R*, together, are an adamantoyl 
group. X 

38. The method of claim 32 wherein R^ is the side chain of an amino acid and 
the carbon atom to which the side chain is attached is stereochemically enriched. 




wherein: \ 

each L is, independently, a naturally-occiurring nucleobase or a non-naturaily- 
occurring nucleobase; \ 

each R^' is hydrogen or the side chain of a neural ly-occurring or non-naturally- 
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occurring amino acid, at least dn^ R*^ being the side chain of a naturally-occurring or non- 
p^nati^ly-occurring amino acid; 
A^, f / RMs OH, NH2, or NHLysNHj. 

^ each of R and R is, independently, a li^JOThilic group or an amino acid labeled \vith 

a fluorescent group; or R and R, together, are a lipo^ilic group; and 
n is an integer from 1 to 30. 





40, The method of claim 39 wherein at least one of said R^ is the side chain of 
a naturally-occurring amino acid. 



41 . The method of claim 40 wherein at least one R is the side chain of D-lysine. 

42. The method of claim 39 wherein R i^-lysine labeled with a fluorescent 
group and R* is an adamantoyl group. 



group. 




43. The method of claim 42 wbeWn said fluorescent group is fluorescein. 



44. The method of claim 39 wherein R and Ri together, are an adamantoyl 



45. The method of claim 39 wherein R^ is the side chain of an amino acid and 
the carbon atom to which the side chain is attached is stereochemically enriched. 

^ 46. A method of tr^ting an animal comprising administering to the animal a 
^^^Jy^ th^peutically effective amount o^ composition comprising a peptide nucleic acid 
'incorporated into a liposome, said pepti^ nucleic acid having formula: 



^0 




♦ 
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wherein: 

each L^i^ independently, a naturally-occurring nucleobase or a non-natural ly- 
occurring nucleobase; 

each is hydrog^n^or the side chain of a naturally-occurring or non-natural ly- 
^ ^ occuping amino acid; 
/ y NHj, or NHLysNI^ 

each of and R* is, independently^^Iipophilic group or an amino acid labeled with 
a fluorescent group; or R and R^, together, are a Kjjophilic group; and 
n is an integer from 1 to 30, 

47. The method of claim 46 wherein at least one of said R^ is the side chain of 
a natxirally-occurring amino acid. 

48. The method of claim 47 wherein said amino acid is D-lysine. 

49. The method of claim 46 wherein R is p^ysine labeled with a fluorescent 
group and R* is an adamantoyl group. 




50. The method of claim 46 wheiEiii/said fluorescent group is fluorescein. 

5 1 . The method of claijH 46 wherein R' and K\ together, are an adamantoyl 

group. 



52. The method of claim 46 wherein R^ is the side chain of an amino acid and 
the carbon atom to which the side chain is attached is stereochemicaily enriched. 



